SUMMARY: Mycobacterium bovis (BCG organisms) suspended in saline or a 5% solution of a non-ionic detergent, Triton WR-1339, was injected intraperitoneally into mice. Electron-microscopic observation was carried out on peritoneal exudate cells harvested therefrom. Electron-lucent vacuoles limited by the membrane structure were found in macrophages of the mice injected with BCG suspended in the detergent, but not in polymorphonuclear leukocytes or lymphocytes. Mycobacterial cells were present within such vacuoles. Without the detergent, the ingested mycobacterial cells were in close contact with the phagosomal membrane. Within the electron-lucent vacuoles, however, such close contact was not present. These observations, together with other collateral findings, led us to a view that Triton WR-1339 may inhibit the interaction between mycobacteria and the phagosomal membrane by intervening between them thus making the progress of infection delayed.
INTRODUCTION
In the preceding paper (1) , we reported that Triton WR-1339 (oxyethylated tert. octyl phenol polymer) modified the course of experimental mouse tuberculosis prolonging their survival time. Though this non-ionic detergent is known to lack the direct antimycobacterial activity, our study showed that it has such a unique property as a membrane-active agent. Therefore, we were tempted to consider that the antituberculous effect of Triton WR-1339 is interpreted from a broader biological concept, especially at the level of biomembrane.
On the other hand, Myrvik et al. (2) , Leake et al. (3) , and ourselves (4) have pointed out that the crucial event in the intracellular infection with mycobacteria may be the direct interaction between the phagosomal membrane and the ingested bacterial cells. We predicted that Triton WR-1339 will modify the mode of intracellular parasitism by interfering with such membrane-bacteria association within phagocytes. The present paper is to present our ultrastructural observations in an attempt to examine the above prediction.
MATERIALS AND METHODS
Electron-microscopic observation: Fifty male mice of ddY strain weighing around 30 g were divided into two groups of equal half. The animals of one group were each injected intraperitoneally with 2 ml of a 10 mg per ml saline suspension of BOG. Those of the other group were injected in the same way excepting that the saline contained Triton WR-1339 in 5%.
In respect to each group, 10 mice in 15 hr and the remaining 15 mice in 4 days were sacrificed to harvest the peritoneal exudate cells. The peritoneal cavity was lavaged with chilled flanks' solution containing heparine in 5 units per ml. The lavage fluid was pooled and let pass through a stainless steel sieve of 100 mesh. The peritoneal cells were collected and washed with flanks' solution by centrifugation of the filtrate.
The cells were used to prepare specimens for electron-microscopic observation. The procedure of specimen preparation was that of Hirsch and Fedorko (5) with some modification. The cells were placed in a polyethylene capsule of 1-ml capacity to be immersed in a 1:1 mixture of a glutaraldehyde (5%) -paraformaldehyde (4%) aqueous solution in 0.3 M cacodylate buffer (pH 7.4). This was left to stand in an ice bath for 90 min. After centrifugation, the resulting cell pellet was fixed with a 1:1 mixture of a 2% aqueous solution of osmic acid and the cacodilate buffer at 4 C for 3 hr. After replacing the fixative with fresh one, the post fixation was carried out for further 72 hr at 4 C. The cell pellet washed by centrifugation with 0.15 M cacodylate buffer was stained for 60 min with 0.5% uranyl acetate in 0.1 M veronal buffer, pH 6.8. It was then dehydrated in graded ethanol and finally in n-butyl glycidyl ether (QY-1). The specimen was embedded into a mixture of low viscosity epoxy resins, ERL 4206 and Quetol 653, according to the method of Kushida (6) . The formula was 23 ml of ERL 4206, 14 ml of Quetol 653 (Nissin EM Co., Tokyo), 63 ml of nonenyl succinic anhydride (NSA), and 0.5 ml of dimethylaminoethanol (S-1). Ultra-thin sections were cut on an LKB ultratome and stained with 2% uranyl acetate (7) followed by lead acetate (8) . The sections were observed with a Hitachi H-500 electron microscope at 75 kv. (Table I) Electron-microscopical observation showed that most of the mononuclear cells were macrophages and lymphocytes were around 10% of the mononuclears.
The most unique finding in the general survey of ultra-thin sections was the frequent presence of electron-lucent vacuoles with diameters ranging from 1 to 3 pm within macrophages of Triton-injected animals. No such vacuoles were present in polymorphonuclear leukocytes or lymphocytes (Table II) . Lipoidal inclusions were very similar to them in dimension and located in the same area. They were, however, more electron-dense and never contained bacterial bodies unlike the electron-lucent vacuoles (Figs. 1 and 2). Figure 3 is a representative form of peritoneal macrophages from the animals injected with BCG alone. The cell is equipped with well-developed organella and a phagosome associated with two bacterial cells is seen in this section. The region of the phagosome is enlarged in Fig. 4 , in which the morphological relation between the bacterial surface and the phagosomal membrane is plainly revealed. The outmost layer of the upper bacterial cell (arrow) appears to be an integral part of the cell wall at a glance. However, the layer is evidently the continuation of the major part of the phagosomal wall. In other words, the contact between the bacterial surface and the phagosomal membrane is so tight that the latter looks like the outmost layer of the bacterial cell wall . The lower bacterial cell looks the same, but the adhering membrane may be in degradation here as to making the bacterium release into the cytoplasm . On the other hand, the morphological situation in macrophages obtained from the animals injected with BCG plus Triton WR -1339 was quite different in this respect (Figs. 7 and 8 ). Figure 7 is a macrophage from such an animal . Its cytoplasma is loaded with many electron-lucent vacuoles limited by the membraneous structure and also with moderately dense granules of similar sizes . The latters are lipoidal droplets in their appearance. Four bacterial cells are seen within the largest electron-lucent vacuole in the upper left area. This area is enlarged in Fig. 8 . The bacteria appear as if floating within this round vacuole contacting only slightly to the inner surface, but never being encapsulated by the limitting membrane. Even in the contacting site, the bacterial surface is distinct from the vacuolar membrane showing a very narrow interspace between them. In Fig. 9 (macrophage) , such morphological features are demonstrated more clearly around a longitudinally cut bacterial cell. The vacuolar membrane is never in close contact with the bacterial cell ingested therein. The difference is so evident between Figs. 5 and 9 in this respect. Figure 10 is a polymorphonuclear leukocyte obtained from the animal group of Triton-injection.
Ten transversally cut bacterial cells are enclosed with a single membrane strucrture. Unlike the case of macrophage, the electron-lucent space is not evident. However, the morphological relation between the bacterial surface and the membrane is not the same as that we see in Fig. 6 . They are very near each other, but never in close contact. It may be that, though polymorophonuclear leukocytes do not pinocytose Triton WR-1339 , those mycobacteria are thinly coated with the detergent . In the lower corner, we can see a bacterial cell (arrow) which is so vague losing the well-defined cell wall and cytoplasmic features. It is encircled with an electron-dense material which is supposed to consist of a degradation product of the membrane, possibly together with some material discharged from lysosomes. Such degradation form of ingested bacteria is often seen in the animal group of BCG injection without Triton (arrows in Figs. 11 and 12 ).
In view of the observations stated above, our assumption was that Triton WR-1339 may play a role in inhibition of the close contact between the phagosomal membrane and the ingested mycobacteria.
This idea led us to an attempt to examine whether or not Triton WR-1339 can inhibit the liposomal lysis by mycobacteria (BCG) in the incubation system described before (9) . As shown in Though such a protective mechanism is suggested to be associated with macrophages (13), the action of Triton WR-1339 within the cell still remains as a matter of speculation. Our academic interest in this detergent was renewed during the progress of our study which suggests that the close contact between the phagosomal membrane and ingested mycobacteria is an important facet at a later stage of intracellular infection (4, 11, 14) . Our prediction was that Triton WR-1339 will interfer with the close contact when it is ingested by macrophages together with mycobacteria. The prediction was examined by ultrastructural study with an electron microscope. It was a remarkable finding that many electron-lucent round vacuoles of 1 to 3 pm in diameter were present only in macrophages obtained from the mice injected with the detergent.
The vacuoles were limited by the membrane structure. A very similar observation was reported by Armstrong and Hart (15) in the macrophages maintained in tissue-culture environment containing the same kind of detergent, Macrocyclon, a antituberculous agent (one of the polyethylene glycol ethers having a mean mol wt of about 3,100). From these circumstantial evidences, there is a good reason to believe that electron-lucent vacuoles are the Triton-containing phagosomes. The vacuoles were often loaded with mycobacterial cells. However, the ingested bacterial cells were never encapsulated tightly as used to be so in the usual phagosome without Triton WR-1339.
In support of our prediction, the outmost layer of the bacterial cell was separated from the phagosomal membrane possibly by intervention of the detergent between the two.
Though Triton WR-1339 is not lytic to the biomembrane, it appears to have a capacity to act substantially with it (1, 16) . On the other hand, the detergent has a strong affinity to the hydrophobic surface of mycobacteria making them hydrophilic; thus the dispersing cultivation is possible in the liquid medium (17) . Because of this, it may be a biological response modifier to make the progress of infection delayed.
On the other hand, we suspect that the degradation products (free fatty acids and lysolecithines) of the phagosomal membrane at the site of close contact with mycobacteria may have a chance to act as antimycobacterial agents. Our model study with the membrane fraction isolated from phagocytes supported this idea with the finding that the stimulation of membrane phospholipase A is involved in this event (11, 14) . Therefore, the activator of this enzyme, such as melittin , enhanced the bactericidal activity of the fraction. In such an experimental system , Triton WR-1339 was found to inhibit the event. The phagosome is filled with dispersed amorphous material of high electron-density.
The membrane around the lower bacterial cell may be in degradation so that the bacterium is going to escape into the cytoplasm. Each bacterial cell is encapsulated so tightly with the phagosomal membrane that it appears to be an integral part of the bacterial cell wall. Arrow indicates the extension of the limitting membrane of a dense granule to encapsulate a bacterial cell. 
